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We, Union Carbide Corporation, of 
270 Park Avenue, New York, State of 
New York, United States of America, a 
Corporation organised under the laws of 
the State of New York, United States of 
America (assignee of Donald Wesley Breck 
and Robert Mitchell Milton), do hereby 
declare the invention, for which we pray 
that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to a process for 
preparing metaHoaded zeolitic molecular 
sieves which are suitable for use as catalysts, 
scavengers and getters. 

The use of metals, as catalysts, scavengers, 
and getters in a number of chemical re- 
actions and chemical systems is well known 
to the art. The effectiveness of the metal 
in such cases has been found to depend, 
to a considerable degree, on the form in 
which the metal is present in the reaction 
zone. 

This invention comprises a dehydrated 
zeolitic molecular sieve having uniform 
sized pores at least large enough in cross- 
sectional area to absorb the oxygen mole- 
cule at the normal boiling point of oxygen 
which sieve contains at least 0.1 per cent 
iron, nickel, cobalt, copper, silver, gold, 
mercury, thallium, tin or lead or an oxide 
thereof in the inner adsorption region as 
hereinafter defined of said zeolitic mole- 
cular sieve. 

The invention also comprises a process 
for preparing a zeolitic molecular sieve 
loaded with a metal which comprises con- 
tacting a molecular sieve having uniform 
sized pores at least large enough in cross- 
sectional area to absorb the oxygen mole- 
cule at the normal boiling point of oxygen 
with an aqueous solution of a water-soluble 



salt of iron, nickel, cobalt, copper, silver, 
gold, cadmium, zinc, mercury, thallium, tin,- 
lead, whereby cations of the mdlecular sieve 
are exchanged for metal cations present in 
said aqueous solution, removing substan- 
tially all adsorbed water from the ion- 
exchanged molecular sieve, and intimately 
contacting the dehydrated, ion-exchanged 
molecular sieve with a reducing agent \%o 
reduce exchanged metal cations to elemental 
metal. & 

The resulting dehydrated molecular sieve 
loaded with the metal may be contacted 
with oxygen at elevated temperature to 
oxidise the metal. 

Zeolitic molecular sieves, both natural 
and synthetic, are metal aluminosilic&tes. 
The crystalline structure of these materials 
is such that a relatively large adsorption 
area is present inside each crystal. Access 
to this area may be had by way of openings 
or pores in the crystal. Molecules are 
selectively adsorbed by molecular sieves on 
the basis of their size and polarity among 
other things. 

By the phrase "inner adsorption region" 
as applied to the zeolitic molecular sieves 
of the present invention is meant that space 
within the crystal lattice to which access is 
had only through uniform sized pores of 
molecular dimensions. 

Zeolitic molecular sieves consist basically 
of three-dimensional frameworks of SiO, t 
and A10.j tetrahedra. The tetrahedra are 
cross-linked by the sharing of oxygen atoms. 
The electrovalence of the tetrahedra con- 
taining aluminium is balanced by the inclu- 
sion in tihe crystal of a cation, for ex- 
ample, an ion of an alkali metal, and 
alkaline earth metal, ammonia, amine com- 
plexes, or hydrogen. One cation may be 
exchanged for another by conventional ion- 
exchange techniques. The spaces between 
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the tetrahedra may be occupied by water or 
other adsorbate molecules. 

The zeolites may be activated by driving 
off substantially all of the water of hydra- 
5 tion. The space remaining in the crystals 
after activation is available for adsorption 
of adsorbate molecules. Any of this space 
not occupied by reduced elemental metal 
atoms will be available for adsorption of 

10 molecules having a size, shape, and energy 
of the molecular sieves. 

The initial zeolite molecular sieves to 
be useful in the present invention, must be 
capable of adsorbing oxygen molecules at 

15 the normal boiling point of oxygen. In- 
cluded among these are the natural zeolitic 
molecular sieves, chabazite, faujasite, 
erioniie, mordenite, gmelinite, and the 
calcium form of analcite, and the synthetic 

20 zeolitic molecular sieves, zeolites A, D, L, 
R, S, T, X and Y. The natural materials 
are described in the mineralogical hand- 
books and texts. The characteristics of the 
synthetic materials and processes for mak- 

25 ing them are shown in the following Patents 
and Patent Applications. 

Zeolite A is described and claimed in 
Patent No. 777,232. 

Zeolite D is described and claimed in 

30 Patent Application No. 27153/58 (Serial 
No. 868,846). 

Zeolite L is described and claimed in 
Patent Application No. 1501/59 (Serial No. 
909,264). 

35 Zeolite R is described and claimed in 
Patent Application No. 21151/58 (Serial 
No. 880,702). 

Zeolite S is described and claimed in 
Patent Application No. 8316/59 (Serial No. 
40 909,265). 

Zeolite T is described and claimed in 
Patent Application No. 13933/59 (Serial 
No. 912,936). 

Zeolite X is described and claimed in 
45 Patent No. 777,233. 

Zeolite Y is described and claimed in 
Patent Application No. 11328/59 (Serial 
No. 909,266). 

In accordance with the process of the 
50 present invention, a zeolitic molecular sieve 
capable of adsorbing a substantial amount 
of oxygen at the normal boiling point of 
oxygen is ion exchanged by contacting the 
molecular sieve with an aqueous solution 
55 of a water-soluble salt of the metal to be 
reduced to the elemental state. When suffi- 
cient ion exchange occurs, the exchange 
zeolite is removed from contact with the 
exchanging solution and heated for example 
60 to a temperature of about 350 3 C. in a 
flowing stream of inert, dry gas or in a 
vacuum. The activated molecular sieve is 
then ready for reduction of the cations to 
the elemental metal. It has been found 
65 that the most satisfactory dispersion of the 



elemenetal metal throughout the adsorption 
region of the zeolitic molecular sieves* is 
obtained if substantially all of the water 
is removed from the molecular sieves prior 
to the reduction step. When the molecular 70 
sieves are only partially dehydrated, the 
products are still usable, but will not have 
the metal as well dispersed, thereby reduc- 
ing the specific surface of the metal in the 
molecular sieves with a corresponding rjduc- 75 
tion in the surface activity of the contained 
metal. 

The activated molecular sieve is then 
treated with a reducing agent. Alkali metal 
vapors or preferably gaseous hydrogen, are 80 
suitable reducing agents for the process of 
the present invention. The reduction may 
be accomplished by passing the gaseous or 
vaporous reducing agent through a bed of 
the ion-exchanged, activated zeolitic mole- 85 
cular sieves. In the case of the alkali 
metals, it is sufficient to mix the molten 
metals with the ion-exchanged activated 
zeolite; sufficient vapors are given olf by 
the molten metal to effect the reduction. 00 

The reduction should be effected in an 
inert atmosphere as should be the sub- 
sequent cooling of the material. The maxi- 
mum temperature of reduction must be be- 
low the temperature at which the crystal 95 
structure of the zeolitic molecular sieve is 
destroyed, i.e. 650 3 C. or preferably 500' C. 

The metals which may be loaded into 
the zeolitic molecular sieves by the present 
process are copper, silver, gold, zinc, 100 
cadmium, mercury, thallium, tin, lead, 
iron, cobalt, and nickel. 

Example I. 
Zeolite X (100 grams) was placed in a 
16-millimeter inside diameter glass column 105 
to a bed depth of 70 centimeters. A 0.22 
molar nickel nitrate solution (128 grams 
Ni(N0 3 )«.6H 2 0 in 2 liters water) was passed 
up through the column at a rate of 10 
milliliters per minute. The zeolite was 110 
washed after completion of exchange by 
passing 500 milliliters distilled water 
through the column. The zeolite was then 
removed from the column and dried at 
100° C. X-ray diffraction analysis showed 115 
the crystal structure of the zeolite to be 
intact. 

The nickel- exchanged zeolite was placed 
in a vertical tube and heated under a 
hydrogen purge of 0.5 cubic feet per hour 120 
at 300—350° C. for three hours until 
dehydrated. The temperature was then in- 
creased to 500° C. for three hours while 
still under hydrogen purge to accomplish 
hydrogen reduction of the nickel-exchanged 125 
zeolite. The zeolite was then cooled over- 
night under 5 psig hydrogen. The product 
was uniformly black and X-ray diffraction 
analysis of the zeolite indicated the presence 
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^ e n i51 1 ntil - ni >- keL Comical analysis of 
. .tte product indicated 8.6 weight per ceni 

r " ,. ' , Example II. 

° sl-.t^H 116 X p0Wder < 314 srams) was 
slurried at room temperature with two liters 

p™ ?°v« S1,ver nitrate Containing 68 
grams AgN0 3 ). After the exchange re- 
in «^' 0n Was com .P lete > the zeolite was washed 
10 witn water until the wash effluent was free 
o silver-ions. The zeolite was then dried 
at ill) C. Chemical analysis of the zeolite 

Xr preSenCe ° f U - 3 per «^ 

15 hJ^. . si,ver -.exchanged zeolite X was 
heated in a nitrogen purge at 350 ' C. for 
-hours. After cooling the zeolite to ''OO' 
C., hydiogen was admitted at about 1 cubic 

•>n £° per u hour and the heating continued 
l° r ,? ne J 1 ° Ur - T 'he white silver-exchanged 
zeohte X turned black in the presence of 

&°f n - r A 'V eXpCSlire of tl * silver- 
loaded zeolite X to air, after reduction 
changed the color from black to yellow-' 
2o brown. X-ray diffraction analysis of the 
product after reduction showed the crystal 

<E Ure to hc - f ? tact and the elemental 
fi ■ Pr , eSent naa a P ar ticle size of less 
than 10 * centimeters. 

30 Example III. 

A solution of mercuric nitrate was pre- 
pared by dissolving 90 grams of Hg(N0 3 ) 2 . 

2 s w ^t^ 116 llter of water - Ab0 «t 6 grams 
of Na*N0 3 was added to a buffering agent 
.,5 and concentrated acetic acid was added 
until the solution was clear 

ndS?? X P° wd 5 ( 10 ° grams) was slowly 
added to the above solution and then 
allowed tc .stand for 1± hours. The zeolite 
40 was then filtered, washed and dried at 100 ? 
for two hours. 

The mercury-exchanged zeolite contain- 
ing 57 4 weight per cent mercury was placed 
a- hor J z< > ntal tu be furnace and heated 

ho?.r X a J? ydr °Se n purge of 5 cubic feet per 
hour The bed was heated at 100= C 

Soli* Tr^f then a!lowcd to cool over-' 
"nn= V* f he , b , ed _ was then heated at 110— 
- n 7 " C - f or l i hours, then at 200—220' C 

X r « fiVe K° Ur , S ' 311 under a hydrogen puree 
rU I ubK ^ per hour - The bed was 
^n. ed ° v f™8ht and then heated at 200— 
C for 2'- hours under a hydroeen 
purge of 5 cubic feet per hour and allowed 
oo to cool to room temperature. The bed 
color changed from yellow to gray during 
£L a n ^"f EvCn th0Ugh an a PPreciablf 

rn JSm 6 Ze ° ,,te product contained 2.5 
00 weight per cent mercury. 

Example IV. 
A solution of cadmium nitrate was pre- 



pared by dissolving 80 grams of Cd(NO,)„ 
4ri..O in one liter of distilled water. This 
solution was mixed with 100 grams of 65 
z_eonte X and allowed to stand for 2J- hours 

In-? z ^ oJ l te was tiien filtercd and d ried at 
ion c. for two hours. 

The cadmium-exchanged zeolite contain- 
ing 177.9 weight per cent cadmium was 70 
El 3 ??. in .£ ''oriental tuba furnace and 
heated at 90— 230 ' C. for two hours under 
-—3 cubic i-eet per hour hydrogen. The 
bed color changed from white to yellow 
Chemical analysis of the zeolite croduct 75 
indicated mat it contained 16.6 weight per 
cent cadmium. On further heating at tern- 
peratures up to 550° C. for 5|- hours some 
of the cadmium metal was distilled out 
luc zeolite color turned to white, and the 80 
cadmium content dropped to 14.8 per cent. 

Example V. 

A solution of lead nitrate was prepared 
by dissolving 86 grams of Pd(N0 3 ), in one 
liter of distilled water. This solution was 85 
then slurried with 100 grams of zeolite X 
fox one hour. The zeolite was then filtered 
and dried at 100= C. Chemical analysis 
indicated that the lead-exchanged zeolite X 
contained 31.4 weight per cent lead. go 

1 he lead-exchanged zeolite was placed in 
a horizontal tube furnace and heated under 
i*Z>?r feet P er hour hydrogen at 110— 
JoU C. for 1£ hours and at 200—475° C 
for seven hours. The bed color changed 95 
from white to black. Chemical analysis of 
the product indicated that it contained 36 4 
weight per cent lead. X-ray diffraction 
analyses of the product showed that the 
crystal structure was intact and elemental 100 
lead was present. " 

Example VI. 
A solution of copper nitrate was prepared . 
by dissolving 12.1 grams Cu(N0 3 )„.3H;0 in 
one liter of distilled water. This" solution 105 
was mixed with 100 grams of zeolite X 
and allowed to stand for ten minutes. The 
^ohte_was filtered and dried overnight at 

The copper-exchanged zeolite containing no 
3.0 weight per cent copper was placed in 
a horizontal tube furnace and heated under 
;,™ c 5 eet pi T r hour hydrogen at 100— 
^. V; f< ? r e '8 ht hours and then at 235— 
Zu J r r four hours - Th e bed color 115 
changed from light blue to pink-rose 
Chemical analysis of the dried product in- 
dicated 3.5 weight per cent copper. X-ray 
diffraction analysis of the product showed 
no crystallographic decomposition. 120 

Example VII. 
A solution of iron nitrate was prepared 
by dissolving 20.2 grams Fe(N0 3 ) 3 9h!o 
in one liter distilled water. This solution 
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was slurried with 100 grams zeolite X and 
allowed to stand for ten minutes The 
zeolite was filtered and dxied at 100 C. 
fcr three hours. . . 

5 This iron-exchanged zeolite containing 
2 4 weight per cent iron was then placed 
in a horizontal tube furnace and heated 
under 2 cubic feet per hour hydrogen at 
100— 320* C. for ten hours. The bed color 

10 changed from yellow-brown to gray-brown. 
Chemical analysis of the product indicated 
3.2 weight per cent iron. X-ray diffraction 
analysis of the product showed no crystallo- 
graphic decomposition. 

15 Example VIII. 

Zeolite A powder (80 grams) was slurried 
at room temperature into 860 milliliters of 
0 2 M silver nitrate solution (contained 28.2 
grams AgNO s ). The mixture was allowed 
20 to stand about £ hour and was then filtered. 
The solid was then washed with water 
until free of silver. The solid was then 
dried at 100° C. 

The silver-exchanged zeolite A contain- 
25 ins I 9 - 9 weight per cent silver was placed 
in horizintal tube furnace and dehydrated 
by heating at 350-^00° C. for 1£- hours. 
The zeolite was then cooled to room tem- 
perature. Hydrogen (0.5 cubic feet per 
30 hour) was passed through the bed for 20 
minutes. The bed turned yellow-brown. 
The zeolite was heated to 100—200° C. 
while passing hydrogen through it for 25 
minutes. The product had a uniformly 
35 dark brown color and contained 23.5 weight 
per cent silver. X-ray diffraction analysis 
of the silver A zeolite after reduction indi- 
cated that hydrogen exchange had occurred 
and that elemental silver was present. 



40 Example IX. 

A sample of mordenite (in the form of 
beach pebbles found in Nova Scotia) with 
an approximate composition of R0.A1 2 0 3 . 
10SiOo6H„0 where R is (Na + ) 3 and Ca-r t 
45 was ground to pass through a 150 U.S. 
Standard mesh screen. A 7.6 gram por- 
tion of this power was mixed with 150 
milliliters aqueous solution containing 1.5 
grams of sliver nitrate. Tins mixture was 
50 allowed to stand with frequent agitation for 
U hours. It was then filtered and washed 
with water until the filtrate gave a negative 
test for silver ion. The zeolite was dried 
at 110° C. j . 

55 The silver-exchanged mordenite was 
placed in a horizontal tube furnace and 
heated at 350° C. for 3 hours in a stream 
of hydrogen gas. Chemical analysis of the 
product indicated that it contained 9.3 
60 weight per cent silver. The structure of the 
crystal was indicated by X-ray diffraction 
techniques to be a hydrogen-exchanged 
form of mordenite. 



Example X. 
A quantity (15 grams) of sodium zeolite bo 
X powder was put into 50 milliliters of an 
aqueous solution of thalious. sulphate (18 
"rams per liter of solution) and the suspen- 
sion was stirred for 20 minutes. The zeolite 
powder was filtered from the solution and <0 
washed with distilled water. The washed 
zeolite was then dehydrated by heating to 
375 J C under reduced pressure. A few 
arams of the activated, thallous-exchanged, _ 
zeolite powder were mixed with a few to 
grams of metallic sodium in a 250 ml. flask 
and heated to a temperature in the range 
of 150° C. to 180° C. with continuous stir- 
ring under an argon atmosphere. The final 
product was black in color and contained W 
31 weight per cent of thallium. The pres- 
ence of thallium metal was confirmed by 
X^-ray 

The processes illustrated by Examples I 
to X can be employed to marke a metal- 
containing zeoiitic molecular sieve only 
when a suitable stable cation of the metal 
to be introduced into the molecular sieve is 
available. This requirement cannot always 
be met. For example, platinum occurs in 90 
simple ionic salts in the anionic part of 
the salt. Thus the usual cation-exchange 
techniques for introducing platinum into the 
crystal structure of a zeolite molecular sieve 
cannot be employed. In some instances, 95 
notably with chromium ions, the simple 
cation is not stable except in acidic solu- 
tions which destroy the crystal structure 
of the zeolitic molecular sieve. 

In the previous examples, the reducing 100 
agents are oxidized to cations which take 
up the position in the zeolitic molecular 
sieve structure formely occupied by the 
cation which was reduced. However, it has 
been found that zeolitic molecular sieve 105 
cations may be reduced by reducing agents 
which are not oxidized to cations even 
though there are no obvious cations to re- 
place them. This maybe illustrated by 
the following examples. 110 



Example XL 
Hydrated Cu(II) X zeolite (15 grams) 
containing 12.2 weight per cent Cu on an 
anhydrous basis was placed in a 1 inch 
"Pyrex" tube ("Pyrex" is a Registered 115 
Trade Mark). The tube was controlled at 
375° C. in a split tube furnace for 2\ hours 
in a stream of nitrogen. The tube was then 
cooled to 350° C. and a stream of carbon 
monoxide was continued for 2-\ hours dur- 120 
ing which time the zeolite changed from 
light blue to light purple. The tube was 
then cooled to 350° C. and a stream of 
carbon monoxide was continued for 2\ 
hours during which time the zeolite changed 125 
from light blue to light purple. This color 
change is indicative of reduction. The 



w 



937,750 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



CO 



2 e wa j C0 P*ed in nitrogen, ft was re- 

H r 5 to air - The analysis showed 9.4 
weight per cent copper metal on an 
anhydrous basis. 

A sample of the same starting zeolite 
was treated under identical cSLons 5 

SK^\ and Um& With ^ogen in- 
stead of carbon monoxide. The reduction 

£ r L P e m V5 h more ra P id ly than with 
sZ^ m o°^ OXlde i Ana ^ of this sample 
showed 9 8 weight per cent copper metal 
on an anhydrous basis. 
. In this case, it is believed that hydrogen 
ions were obtained from residual water re- 
maining in the zeolitic molecular sieve after 
the activation step. 

tt Example XII. 

Hydrated Cu(Il) X zeolite (25 grams) 
containing 12.2 weight per cent Cu on an 
activated basis was suspended in 200 ml 

K led ,u ater in , a 500 mL 3-necked flask 
fitted with a condenser, a thermometer, and 
a stirrer. An inert atmosphere was main- 

u l A* d u? y ?5 the sus Pension. Hydrazine 
hydrochloride (5.25 grams, .05 moles) wal 

? i he . s , us P ens i°». A solution of 

S ^ 1U ™ hydr ? Xlde (4 '° grams > - 1 moles ) was 
adacd dropwise over a period of 30 minutes 
Copious amounts of gas, presumably 

nS*' T 1 ? evolved ' The zeo ^ first 
turned colorless, probably forming the 
copper (l) X zeolite, and then deep red 
Drown. The mixture was heated to 100° C 
to ensure complete reaction and destruc- 
tion of excess hydrazine. The zeolite was 
hltered and washed with water and acetone 
under an inert atmosphere. It was ex- 
tremely reactive in air, turning light blue 
££o W . mmutes * A sample was heated to 
C. in vacuo for 2\ hours. No visible 
change occurred. Analysis showed 8 1 
weight per cent copper metal on an 
anhydrous basis and less than 0.1 per cent 
nitrogen. F 

nJnJf \ S i mpIe , matter to obtain metal 
oxide- oaded molecular sieves from the 
metal-loaded molecular sieves by standard 
oxidation procedures. Exposure of the 
metal-loaded molecular sieve to oxygen at 
an elevated temperature is quite satisfactory 
However, the temperature should not ex- 
ceed the temperature at which the crystal 
structure of the zeolitic molecular sieve will 
be destroyed. 

The maximum metal that may be incor- 
porated in the zeolitic molecular sieves by 

Hm^^u CeS l ° f the prcsent invention is 
limited by the extent to which the molecular 
sieves may be ion-exchanged with the 
desired cations. However since the metals 
are distributed throughout the molecular 
sieves according to the location of the ion- 
exchange site of the crystals, it is possible 



to obtain a high degree of dispersion of 
the metal throughout the crystals and the 
contained metal has a very hiah specific 
surface. w ^ 

The products produced by the process 
of the present invention are quite useful as 
catalysts, and particularly as selective cata- 
lysts for the specific catalysis of reactants 
which are mixed with other materials which 
are not ^adsorbed by the zeolitic molecular 
sieve, the adsorbed materials react leav- 
ing tne non-adsorbed materials unreacted 

similarly, the products are useful as selec- 
tive getters, gettering certain components of 
a mixture without affecting the other com- 
ponents. 

The metal-containing zeolite molecular 
sieves are useful as a means for effecting 
the controlled addition of metals to reaction 
systems. 

™?t*}\ a 2°i her , adva -ntage of the use of 
metal-loaded zeolite molecular sieves resides 
in the fact that the tendency for the metal 
to migrate is minimized. Normal catalysts 
consisting of supported metals exhibit 
migration of the metal during catalysis 
thereby giving rise to unequal distribution 
ot catalyst material with a correspondine 
decrease in catalytic effectiveness 

As used herein the term "activation" is 
employed to designate the removal of water 
trom the zeolitic molecular sieves, i e de- 
hydration, and does not refer to catalytic 
activity. The zeolitic molecular sieves con- 
taining the elemental metal exhibit catalytic 
activity. J 

The process of the present invention pro- 
vides materials having surface areas about 
tour times that expected with most alu- 
mina silica or alurninosilicate supported 
metals thereby providing a greater surface 105 
area available for reaction. Since the ex- 
ternal surface of the molecular sieve repre- 
sents less than 1 .per cent of the total 
surface area it may be seen that there is 
an extremely large area available for chemi- 
sorption and catalysis in the internal portion 
of the molecular sieve. Since this region 
is available only through pores of mole- 
cular size it may be seen that selective 
chernisorption and catalysis may be ob n 5 
toned in a system containing a mixture of 
molecules some of which are too large to 
enter the pores whereas others are capable 
of entering the pores. F 

Co-pending Application No. 32330/59 1*0 
(Serial No 937,749) discloses and claims a 
dehydrated zeolitic molecular sieve h av n - 
uniform sized pores at least large enough 
m cross-sectional area to admit the benzene 
molecule, which sieve contains platinum 125 
a Juminum. chromium, molybdenum 
tungsten, manganese, rhenium, titanium 
zirconium, hafnium, vanadium, iron cCS' 
nickel, copper or oxides of these metals n 
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the inner adsorption region (as therein de- 
fined) or" said zeolitic molecular sieve. 

Co-pending Application No. 32330/ 59 
(Serial No. 937,749) also discloses and 
5 claims a process for preparing a zeolitic 
molecular sieve loaded with a metal or 
oxide thereof, comprising contacting a de- 
hydrated molecular sieve having uniform 
sized pores at least large enough iu cross- 
10 sectionai area to admit the benzene mole- 
cule (as therein defined) with a fluid, 
decomposable compound of copper, silver, 
gold, platinum, iridium", osmium, palladium, 
rhodium, ruthenium, zinc, cadmium, alu- 
15 minum, tin, lead, chromium, molybdenum, 
tungsten, manganese, rhenium, iron, cobalt, 
nickel, titanium, zirconium, hafnium or 
vanadium, whereby said decomposable com- 
pound is adsorbed into the inner adsorption 
20 region (as therein defined) of said molecular 
sieve and decomposing said decomposable 
compound to the elemental metal. 

Co-pending Application No. 32329 / 59 
(Serial No. 937,748) discloses and claims a 
25 dehydrated zeolitic molecular sieve having 
uniform sized pores at least large enough in 
cross-sectional area to admit the benzene 
molecule, which sieve contains at least 0.1% 
by weight of gold, iridium, osmium, 
30 palladium, rhodium, or ruthenium or an 
oxide thereof in the inner adsorption region 
(as therein defined) of said zeolitic mole- 
c u lar s ie ve 

Co-pending Application No. 32329 / 59 
35 (Serial No, 937,748) also discloses and 
claims a process for producing a zeolitic 
molecular sieve loaded with a metal or 
oxide thereof which comprises contacting 
a molecular sieve haivng uniform 
40 sized pores at least large enough in cross- 
sectional area to admit the benzene mole- 
cule with an aqueous solution of a complex 
cation comprising an amine or ammonia 
and copper, silver, gold, chromium, zinc, 
45 cadmium, tin, lead, iron, cobalt, nickel, 
ruthenium, rhodium, palladium, osmium, 
iridium, or platinum, whereby cations of 
the molecular sieve are exchanged for said 
complex cations, removing substantially 
50 all the adsorbed water from the ion- 
exchanged molecular sieve in an inert atmo- 
sphere, and reducing said complex cations 
in said dehydrated molecular sieve to the 
elemental metal. 
55 We make no claim to a dehydrated 
zeolitic molecular sieve having uniform 
sized pores at least large enough in cross- 
sectional area to admit the benzene mole- 
cule, which sieve contains iron, nickel, 
60 cobalt, copper or oxides of these metals in 
the inner adsorption region as claimed in 
co-pending Application No. 32330 / 59 
'.Serial No. 937,749). 



We also make no claim to a .dehydrated 
zeolitic molecular sieve having uniform 6a 
sized pores at least large enougii in cross- 
sectional area to admit the benzene mole- 
cule, wnich sieve contains gold, or an oxide 
tnereof in the inner adsorption region as 
claimed in co-pending Application No. 70 
32329/^9 (Serial No. 937,748). 

Subject to the foregoing disclaimers, 
WHAT WE CLAIM IS: — 

1. A dehydrated zeolitic molecular sieve 
having uniformed sized pores at least large 75 
enough in cross-sectional area to admit the 
oxygen molecule at the normal boiling point 
of oxygen which sieve contains iron, nickel, 
cobalt, copper, silver, gold, mercury 
thallium, tin or lead or an oxide thereof feO 
in the inner adsorption region as herein- 
before defined of said zeolitic molecular 
sieve. 

2. A dehydrated molecular sieve as 
claimed in Claim 1 substantially as herein- S5 
before described with reference to and as 
illustrated in the examples. 

3. A process for preparing a zeolitic 
molecular sieve loaded with a metal which 
comprises contacting a molecular sieve hav- 90 
ing uniform sized pores at least large 
enoueh in cross-sectional area to admit the 
oxygen molecule at the normal boiling point 
of oxygen with an aqueous solution of a 
water-soluble salt of iron, nickel, cobalt, 95 
copper, silver, gold, cadmium, zinc, mercury, 
thallium, tin, lead, whereby cations of the 
molecular sieve are exchanged for metal 
cations present in said aqueous solution, 
and intimately contacting the dehydrated, 100 
ion-exchanged molecular sieve with a reduc- 
ing agent to reduce exchanged metal cations 
to elemental metal. 

4. A process as claimed in Claim 3 in 
which the ion-exchanged molecular sieve is 105 
dehydrated prior to contact with the re- 
ducing agent. 

5. A process as claimed in Claim 3 in 
which the exchange metal cation is reduced 
to elemental metal by contacting the ion- 110 
exchanged molecular sieve with a reducing 
agent in an aqueous layer. 

"6. A process as claimed in any of 
Claims 3 to 5 in which the zeolitic mole- 
cular sieve loaded with copper, silver, gold, 115 
mercury, thallium, tin, lead, iron, nickel, 
cobalt, cadmium or zinc is contacted with 
oxygen atoms at elevated temperature to 
oxidize the metal. 

7. A process as claimed in Claim 3 120 
for preparing a zeolitic molecular sieve 
loaded with a metal substantially as herein- 
before described with reference to and as 
illustrated in any of the examples. 
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